Abstract. The fabrication of a low cost, sustainable semiconductor sensitised solar cell is carried out using FeS 2 nanorods as the sensitising material over an electrode coated by TiO 2 nanoparticles. Though the semiconductor sensitised cells are eloquently researched, NR structures as a sensitising material are still not fully investigated despite their features potentially beneficial for accelerating the performance of the devices. The pyrite NR based solar cell is having a notable open circuit voltage of 0.16 V, a short circuit current of 3.9 mA/cm 2 and an overall conversion efficiency of 0.63%. A simple design and fabrication approach like doctor blading, dip coating is employed throughout the work with an objective to minimise the fabrication cost as much as possible.
Introduction
The thin film PV modules photovoltaics market continues to show immense promise these days, but is presently dominated by product based on the use of materials like CdTe, GaAs and silicon wafers, similar to those used in microelectronics. Though the CdTe and GaAs thin film PV modules have the potential to reach cost effective PV-generated electricity, their toxicity and adverse effects on environment drag their feet. The thin film solar cells based on nanomaterials like Dye Sensitised and Semiconductor sensitised solar cells (DSSC) are projected as the most feasible route towards safe, low cost solar cells with decent efficiency. Here we investigate the candidate material Iron pyrite FeS 2 , which is an interesting next-generation photovoltaic material that is abundant in nature [1] , showing strong absorption [2, 3, 4] and which is nontoxic as the sensitising material on TiO 2 . The highest reported efficiency for a pyrite based solar cell is 2.8% [5] . Interesting photoresponse of FeS 2 deposited polycrystallineTiO 2 electrode using Chemical Vapor deposition method [6] has been reported by Ennaoui et al..Recently Shen et al. [7] have reported the modification of large band gap TiO 2 (Degussa P25) by quantum-sized FeS 2 particles by a similar procedure described by Chatzitheodorou et al. [8] . They reported an incident-photon-to current efficiency of 25% at 400 nm excitation. Despite various possibilities of the ex-situ assembly route, like sensitizers of different sizes, shapes, and compositions, most efforts in this area are focused on the 0-D semiconductor QDs as sensitizer materials [9, 10] . In this work we have sensitised FeS 2 nanorods(NRs) of diameter 12 nm on a TiO 2 layer coated over ITO substrate with I / I 3 -and Pt as the electrolyte and the counter electrodes respective. Throughout this work we have adopted the most simple and cost effective methods for the fabrication of solar cells.
The NR structures open up various possibilities such as band gap tuning by varying the diameter of the NRs along the length [10] , orthogonal light absorption and carrier collections directions, minimisation of the recombination of photogenerated carriers by proper channelizing of the carriers [11] in an oriented direction etc. , thus reducing the thickness of the absorber layer in such nano-structured solar cells to several hundred nanometers relatively to the traditional thin film solar cells. Also the increased semiconductor surface area in NRs improves the semiconductor-electrolyte interface [11, 12, 13] and thus creates more photocatalytic reactive sites which is supposed to create better hole transport. The NR structures further show enhanced strain relaxation [14, 15] opening up to a broader range of absorption energies than is possible with other planar structures.
Materials and Methods

Materials
ITO glass (15Ω/sq mm), Platisol, Iodolyte (30 mM iodide/tri-iodide electrolyte) were purchased from solaronix, Switzerland. The FeS 2 NRs were synthesized by a low cost process with FeSO 4 7H 2 O (99 %) and Na 2 S 2 O 7 (99 %) as Iron and Sulfur sources as reported in our previous work [16] , which can be produced on large scale for industrial production. The TiO 2 nanoparticles were synthesized by a similar process as reported in an earlier work with slight modifications [17] .
Materials Characterisation
The X-ray diffraction patterns were recorded by using X-ray diffractometer (XRD, JEOL make, JPX 8) for the identification of phases present in the powder. The morphology and cross section of the electrode were investigated by scanning electron microscope (SEM, JEOL make, JSM-6380LA model). The size of the NRs was determined by TEM (JEOL make, JEM 2100).
Device Fabrication
The working electrode was prepared by sensitizing pyrite NRs on TiO 2 nanoparticles coated over an ITO substrate (see Supplementary material). Cell assemblies were formed by sealing the counter electrodes which are made by coating a layer of Platisol on an ITO surface to the TiO 2 electrode with Surlyn (DuPont) at 100°C for 1 minute. The corresponding electrolyte was introduced through two small holes, previously drilled through the counter electrode, which were then sealed with Surlyn.
Results and Discussion
The efficiency of the FeS 2 NR sensitized cell was calculated by irradiating the cell with active area of 0.54 cm 2 with a light intensity of 100 mW/cm 2 (AM1.5) and calculating the short-circuit photocurrent density, the open-circuit voltage, the fill factor of the cell. The cell showed an overall efficiency of 0.63% with an open circuit voltage (V oc ) of 0.16 V and short circuit current density (J sc ) of 3.9 mA /cm 2 . There are several reasons pointed out for the low open circuit voltage in pyrite solar cells. It can be assumed that the major cause of the low open circuit voltage is the ionization of high-density bulk deep donor states [18, 19] .
These states arise from bulk sulfur vacant sites, which thereby create a varying charge allocation and a very light surface space charge region which reduces the total barrier height and the photovoltage of the pyrite device. The charge carrier transport in these cells can be described only by taking into account the inevitable multistep tunneling via defects in the depletion region, depicting a high density of defects. As further doctor blading is performed successively over the electrode enhancing the thicknesses, the fill factor was almost constant but the short circuit current density and conversion efficiency, were higher (see supplementary material). As mentioned in earlier section the NR morphology of the FeS 2 absorbing layer improved the reduction-oxidation reaction which increased the number of charge carriers and short circuit current density. We can model the NRs as cylindrical wells with infinite barriers which could improve the effective charge transport mechanism. Furthermore, the increase in the doctor blading led to an enhanced loading of the NRs . This could possibly enhance the effective optical path for absorption; due to multiple reflections. The reduced open circuit voltage with more doctor blading can be attributed to the long diffusion distance for the photoelectron to transport to the electrode enhancing the recombination. 
Conclusion
We have demonstrated the fabrication and working of a Pyrite sensitised solar cell with a largely unhyped NR structure as the sensitising material. Though the efficiency of the solar cell employing a simple doctorblading approach is low, the cell cannot be underestimated considering the factors like simple design and excellent scope of nanorod structure and pyrite as an absorbing material. We hope this work would seed further research in this area, especially the nanorod morphology as a possible absorbing material.
